Inactivation of the myocyte enhancer factor-2 repressor histone deacetylase-5 by endogenous Ca(2+) //calmodulin-dependent kinase II promotes depolarization-mediated cerebellar granule neuron survival.
Cerebellar granule neuron (CGN) survival depends on activity of the myocyte enhancer factor-2 (MEF2) transcription factors. Neuronal MEF2 activity is regulated by depolarization via a mechanism that is presently unclear. Here, we show that depolarization-mediated MEF2 activity and CGN survival are compromised by overexpression of the MEF2 repressor histone deacetylase-5 (HDAC5). Furthermore, removal of depolarization induced rapid cytoplasm-to-nuclear translocation of endogenous HDAC5. This effect was mimicked by addition of the calcium/calmodulin-dependent kinase (CaMK) inhibitor KN93 to depolarizing medium. Removal of depolarization or KN93 addition resulted in dephosphorylation of HDAC5 and its co-precipitation with MEF2D. HDAC5 nuclear translocation triggered by KN93 induced a marked loss of MEF2 activity and subsequent apoptosis. To selectively decrease CaMKII, CGNs were incubated with an antisense oligonucleotide to CaMKIIalpha. This antisense decreased CaMKIIalpha expression and induced nuclear shuttling of HDAC5 in CGNs maintained in depolarizing medium. Selectivity of the CaMKIIalpha antisense was demonstrated by its lack of effect on CaMKIV-mediated CREB phosphorylation. Finally, antisense to CaMKIIalpha induced caspase-3 activation and apoptosis, whereas a missense control oligonucleotide had no effect on CGN survival. These results indicate that depolarization-mediated calcium influx acts through CaMKII to inhibit HDAC5, thereby sustaining high MEF2 activity in CGNs maintained under depolarizing conditions.